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Measurement setup model implemented:
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* For spectrum modeling the GSG uses a comprehensive database of detector
responses for gamma-ray energies from 10 keV to 10 MeV, which were
obtained using extensive Monte Carlo simulations

Full Energy
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* More details on the GSG simulation approach see in Nucleonica Wiki at
http://www.nucleonica.net/wiki/index.php/Help:Gamma_Spectrum_Generator
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Select an arbitrary
individual nuclide or a
pre-defined mixture of
nuclides as a radiation
source

Specify the quantity
(activity, mass or
number of atoms) of a
nuclide or a mixture
either

« at the spectrum
measurement starting
point of time, or

e at the moment of
nuclide/mixture
creation.

In the last case, the
controls for specifying
duration of a source
“cooling” time interval
become available.
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Configuring a new spectrometer:

D|menS|0ns_ can p| Dimensions in |mm % The dimensions
E)e eTt(‘?reo’I, In I of a cylindrical
mm-, “em-or i contact at the
‘inch” units 1 | HPGe _
Source T or rear side of the
ystal
59.0 crystal (a
W ——— e [ I ul 3 Crystal construction
— [ 10.0 ima ey feature of
\ dCUmiCT < conventional
ARy coaxial HPGe
a detectors) can
The £ 45.0 Contact length be specified
configurable _ < >
parameters i > 2500 | | o -
include the Source ta Detectar distance N Crystal length Shaow more setting
source-to-
detector
. <« Upto6
| n :
\(/:IVZ::Fa;e’ 2 Filter: Aluminum v |02 C | Add filter layer | additional
dimensions and I:I Input windaw: Aluminum v |05 Mo. Layer material Thickness ]?-ltt)sorbin% ;
materials of the I:I Crystal packaging: Vacuum v 3.0 1 Copper 1.0 lters made o
detector . : 2 Tin 0.5 Al, Cu, Fe, Pb,
nactive layer / Reflector: ermanium |0
: I:I : layer / Refl c 0.5 3 Lead 0.1 Sn, or
construction _ ' vethvl
elements. Mumber of channels in the spectrum accumulated: [8132 v 4 Aluminum 0.2 polyethylene
_ can be placed
Channel-to-energy conversion factor, keV/channel: 0.3 between
Energy resolution (FWHM) in keV at 122 keV: 0.8 source and
Energy resolution (FWHM) in keV at 1332 keV:  [1.8 detector
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Selecting calculation options:
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Exploring calculation results:

| Measurement setup .. Calculation results | Options
Complete set of
4—
Statistical number of counts > Data displayed: | Statistical number of counts v View/Save results in Text format or as IAEA-SPE spectrum. SpeCtral
Count rate at start information can be
Count rate at end Gamma-Spectrum Simulated for Nal (76.2 x 76.2 mm) saved as a text file
Theoretical number of counts _ _ _ _ _ _ _ _ or as IAEA-SPE
Statistical number of counts BEEEEREEEERERERE R
00 0 ottt SpeCtrum.
1200— Right click within
oo iR i the graph area
E enables a context
e S | < menu, from which
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EEOT+ one can print or
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QDD__
SIS NI SN SO SO MR R IDEY IR D spectrum graph
: Additional options
allow to customize
i 100 200 300 400 a00 GO0 700 800 a0a 1000 appearance Of the
Channel number
graph to meet
Switch between one’s needs and
channel number and _ , o , requirements
— Display: [JEnergy scale [ Spectrum continuum [] Contribution of scattered photons [IMore graph options <]
energy scale; show
peak, continuum and No. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display 5 DISplay nuclide
backscatter peak 1 42 Mo 99 6.23E+01 6.22E+01 6.26E+04 0O <= o
contributions to the 2 43Tc 99 6.70E-15 6.79E-15 0.00E+00 0 specific
3 43 Tc 99m 2 BIE+01 2 6BE+01 2 T0E+04 0 < contributions to
full t <
u SpeC rum Total 8.92E+01 8.90E+01 8.97E+04 the full Spectrum
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Displaying peak and continuum contributions:

100 kBq ®°Co

1 g Nat U (2 years after separation)

0 200 400 600 800 1000 1200 1400
Gamma-ray energy, kel

0 28 50 78 100 125 150 175 200 225 250 278
Gamma-ray energy, kel

Detector - Nal ((J3"x3")
Source-to-detector distance - 25 cm
Measurement time - 1000 s

Detector — LEGe (20 mm x 2800 mm?)
Source-to-detector distance — 25 mm
Filter — 0.5 mm Sn

Measurement time - 10° s
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Displaying contributions of different nuclides:
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3 est [ 94 Pu 238 94 Pu 238 95 Am 241 55 Cm 244 Al cther nuclides |
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Saving calculation results in Text / Excel formats:

B3 Microsoft Excel - GC-6020_Cs137_170mm _Spectrum,xls

E3 Microsoft Excel - GC-6020_Cs1 37_170mm_Spectrum.xls

@_] File Edit Yiew ~nsery Fore rhelp ¥ & X E@J Fle Edt View Insert Format  Took oy ’ ap- Type a question for help _ X
¥Ca I tlon Parameters: ot B s . e NUCTOe SpecificDaty — e
] i NET: AN H RN 2 SRS AR

130 ¥ A21 i A
A B [ ¢ T D ] E 7 IR e [ ¢ [ o [ € [ F T ®© H | 3
| 1 |Nucleonica - GAMMA SPECTRUM GENERATOR Version 1.0.0.1 | e Rz Activity, Bq Number of Count rate, cps Number of counts
%F‘I Tont | Calculation Resul 2 | at start atend decays at start at end theor. statist.
b C'f;fg;‘,e” 7 ,j ;;g&gg;?;;w T 3| 55Cs137  55Cs137 | 1.000E+00 | 1000E+00 | 1000E+00 @ 5B52E08 = 5652608 5652608  0.000E+00
= : - (uTey 4 | 56Ba137m 56 Cs 137 9.437E-01 9.395E-01 9.416E-01 7.177E-03 7.144E-03 7.160E-03  0.000E-+00
& | SPECTROMETER: 5 TOTAL: 0.000E+00 ~ 0.000E+00  0.000E+00  7.177E03  7.144E03  7.160E03  0.000E+00
Lot " = B v
7 |Configurat N
5 CrD;s't%LI"tay;? name Hgg;ne M 4 » w\ Parameters )Nuclides { X- and Gamma-rays { Efficiency [ 56 Ba 137m /[ |¢ ¥ |
9 |Crystal length 52.00 mm Ready
| 10 |Crystal diameter 72.20 mm
| 11 |Contact length 36.00 mm
| 12 |Contact diameter 10.00 mm B3 Microsoft Excel - GC-6020_Cs137_170mm_Spect afl|
| 13 |Inactive layer 0.90 mm Germanium 9] Ble Edt Wew et Fomat ook Data W T nforheb  WILEERK
| 14 |Crystal packaging 5.00 mm Yacuum iNpag AR e Gam m a an d X I’ay Data{: S8 %o P @15 O A
15 |Detector input window 1.50 mrm Aluminum iidicd o btenitf it — .
e b A2 v I3
| 16 [Number of additional filters 0.00 T T E F 3 ] 7 3 m F =
|17 [Filter No.1 00 = kv XGray  Emisionmatels  Photons  Peakregioncounts  Detection efficiency  Ancestor’s
18 |Filter No.2 0] i at start at end emitted  peakarea  peak bkgr total FEP MDA({), Bq
19 |Filter No.3 0 G 5BO0ED6  SBO0E06  SE00ECE  2715E08  ADMEDS | 753EQ03 | 46B1E03  1441E+8
= - 12 Ble Ede Vew Inse 3 o X 9BFED3 979303  9BISEC3  0O00E+00 | 2757EQ5 | OCOOE0 | OCOOE+0 NAN
20 |Filter No.4 0 = > L
e : ] E | Q| en C%/*Q ata o X 1951602 194302 1947E02  519ED7 | 33B3EQS | 2775605 | 2676E05 = 9BISEB
| 21 |Filter No.5 0): e - d X 3600E02 | 3564602  359EM2 | 1AFEGE | IMELS | 3MSELS | 3171E05 | 1.997E8
| 22 |Filter No.6 0 Al ¥ f* E, kev 40 X 1.310E-02 1.304E-02 1307602  219GE06 = 3211E05 1727E04 1681E04  5304E+07
| 23 |FWHM at 122 keV il A | B 4[ C [ D [ E I F [y G 6500601  B462E01  B4BIED!  19EOE03 | 2144E06 | 6715603 2311603 1.954E+03
24 |[FWHM at 13325 keV 1)1 EkeV | FEPER.  XEPEF.  SEPEF.  DEPEF.  Total EF. 3
|25 |Number of channels g1 2 | 1.000E+01 §.505E-15  0.000E+00  0O.000E+D0  OD.0O0E+0 | 8.505E-15 hd Gamma-rays { Efficiency / 56 Ba 137m [ S5 Cs 137 / Ful spectrum |, | ¢ y |
[ 26 |Channel-to-Energy conversion 4J 3 1038E+01  1158E-13  000DE+00  0000E+00  0.000E+00  1.218E-13
57 ; 65| 8.913E+03 = 1576E-04  0.O000E+00  2.510E-04 1.301E-04 4.546E-03
27 |Source-to-Detector distance 1=
| 28 |Spectrum measurement time 1 % 1.000E+04 1.305E-04 0.000E+00  2.304E-04 1.176E-04 4.578E-03
29 b= T
65 |Absolute efficiency for 1332.5 keV photons at 25 cm: 6.804E-04 b for hinln
| 30| SOURCE: e : : . bat  Tools Data pe aquestionforhelp w = B X
21 INuclide 5 69 |Relative efficiency for 1332.5 keV photons at 25 cm: 56.70 % — - : G am m a S ectr u m . T e <
A 70 v | @ i3] s % 0 RS iEEE . O A
| 32 | Quantity 10« » wi{ ¥ and Gamma-rays ), Efficiency { 56 Ba 137m [ ¢ 1 | B Fel number
| 33 |Reference point of time Nf Ready D [ E [ F | G H | | J | K &
34 |Source cooling interval 30 Trin i C o R i { &
5| Energy, keV ount rate at start, cps Count rate at end, cps Theoretical number of counts
36 | CALCULATION: 2 Continuum  Scattered Total Continuum  Scattered Total Continuum  Scattered Total
= : = : 3] 0.20 2B637E06  B8.042E07 2650E06 | 2625606  6.006E-07 2638E06  2B631E06  B.024E-07 2644E06
it Corisidor dacay trahsfoniiations _ s 4| 080 3185E06  9725E07 | 3218E06 | 3171E06 | 9681EQ7  3204E0B  3178E06  9703EQ7 | 3211ED
| 38 |Include gammas of daughter nuclides Yes (5] 100 333E06  1.019E06 | 3376E-06 | 3320E-06 | 1015606 3360E06  332E06 1017606 | 3360E-06
| 39 |Decay engine's accuracy factor 0.01 || 6| 140 33IE06 1035606  3394E06  3366E06  1030E06  3379E06  3373E06  103E06 | 3307E06
| 40 | Consider backscatter radiation Yes (7] 180 3400E06 1042606 | 3401E06 | 3385606 1037ED6  3385E06 3392606 1.039ED6 | 3393606
| 41 |Backscatter peak normalization factor 2 8| 2 20 3411E06 1 045541; 3 41 1 EQ5 | 3396E06 | 1042E06 3396E06  3.404E06  1044E06 | 3404ED6
4_2 v 9 | 3 ANFNR F-0h Fh 3 ANAF-NA 1.N4RF-NA 3 4PAF-NR 3 4M3F0R 1 N4RFMA IANAFMHR Y
W 4 » w’\Parameters { Nucides { X- and Gamma-rays £ E|< | Al KAt bR f{ Efiicency ),56 Ba 137"‘"< 5505137 £ F"‘ 599‘"“"‘ / I« >
Ready Ready
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Plotting detection efficiencies:
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Experimental validation with 60% HPGe coaxial detector (INR, Kiev)

Detector: coaxial HPGe (Canberra)

* Relative efficiency: 61.8%

* Crystal dimensions: &74 mm x 53 mm
* Rear contact: 10 mm x 36 mm

* Inactive Ge: 0.7 mm

* Crystal end cap: 1.5 mm Al

* End cap to crystal gap: 5 mm

* FWHM: 1.75 keV at 1.33 MeV

Sources: Thin Spectroscopic
Reference Gamma-Sources (SOSGI)
° 137CS, 6OCO, 152Eu

Measurement conditions:
Center of experimental room
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Results of the experimental validation with 60% HPGe coaxial detector
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0.5 1.0 155
Gamma-ray energy, MeV

Full Energy Peak efficiency as a function of
the photon energy: circles — experimental
values, curve — calculated. Two sets of data
refer to the source location at 5 cm and 17
cm distances from the detector end cap.
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Detector response, MeV  decay
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Calculated (curve) and experimental (circles)
detector responses for 1°2Eu source at 17 cm
distance from the detector end cap.
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Results of the experimental validation with 3” x 3" Nal
scintillation detector

0,030 4 10° 5
] Nal 3" x 3" : 30.17y ¥'Cs, 3" x 3" Nal
] ‘ Absorber: 1.18 g/cm2 Be 1l Absorber: 1.18 g/cm2 Be
0,025 7 Source distance: 10 cm { Source distance: 10 cm
5‘ -
S 0,020 10° 5
:8 o ® Experiment (Heath, 1964) £ ]
5 ] —— Simulation § __________________
& 0,015-_ -
LL @
Q
g ] N
5 0010 2 104
< 1 O Experiment (Heath, 1964) Y. "™
0,005 ' — Fu.II spectrum S \
1 - = = Primary continuum NN
. —-—-Secondary continuum AN ‘.‘
0’000 i T T L} L} I T T L} T ' T  J i J L} I L} L} L} T I L} T L) L) I T L) T T I 2 ) L} T 102 T T ‘I‘ i : .- ;BrelmS?trahlurjg l T T T T I I\‘ I\l T T I
0 500 1000 1500 2000 2500 3000 0 200 400 600 800
Gamma-ray Energy, keV Gamma-Ray Energy, keV
The simulated vs. experimental FEP The experimental and simulated spectra

efficiencies for a Nal 3" x 3" detector. for 137Cs and a Nal 3" x 3" detector .
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Results of the experimental validation with 3” x 3" Nal
scintillation detector

10° O Experiment (Heath, 1964)
— Full spectrum

- - = Primary continuum
--—--Secondary continuum

10.5y "*Ba, 3" x 3" Nal

Absorber: 1.18 g/cm2 Be
Source distance: 10 cm

527y *Co, 3" x 3" Nal

Absorber: 1.18 g/cm2 Be
Source distance: 10 cm

CskX

O Experiment (Heath, 1964) 10°
—— Full spectrum

- = = Primary continuum
--—--Secondary continuum

----- Bremsstrahlung

sum peak:
CsKX +v 81

sum peak
sum peak:
1356 +v 81

Number of counts
Number of counts
8&

T I T
300

L l T
200

T I T
2000

T T T T I T T I T T T T
0 500 1000 1500

Gamma-Ray Energy, keV

The experimental and simulated spectra
for 89Co and a Nal 3" x 3"’ detector.

Gamma-Ray Energy, keV

The experimental and simulated
spectra for 133Ba and a Nal 3" x 3"

detector.
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Results of the experimental validation with 3” x 3" Nal
scintillation detector

5 3
18000 ] 5 g SR 2l g il 1073 O Experiment (Heath, 1964) 14*10" y ®Th with
Absorber: 1.18 glom? Be L II;lrjiLsapecctg:tri‘nuum daughters (12 y aged)
15000 ] S ) ] vy ) Detector: 3" x 3" Nal
] ource distance: 10 cm —-—--Secondary continuum o Tifeil
. D - Bremsstrahlun SRIREL: Lloge" B
O Experiment (Heath, 1964) ) 10° EL % f 9 Source distancer 10 em

12000 - — Full spectrum i
2 1 - - - Primary continuum ? b 12 IHI A
5 —-—--Secondary continuum = 1507\
8 i B hi 8 1N
< 9000 U L remsstrahlung c & - 10°4" :
o @
Q Q
£ £
> o
z z

10% 3
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C
L 101""l""l""l""|"'I'%Ul
0 500 1000 1500 2000 0 500 1000 1500 2000 2500 3000

Gamma-Ray Energy, keV Gamma-Ray Energy, keV

The experimental and simulated
spectra for a 12 year old 232Th source
and a Nal 3" x 3" detector.

The experimental and simulated
spectra for 28Al and a Nal 3" x 3"
detector .
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Results of the experimental validation with 3” x 3" Nal
scintillation detector

10° O Experiment (Heath, 1964 10+ 1By an o, an
Fuﬁ’s ectrur(n ) 14.96 h **Na, 3" x 3" Nal y 7.13s "N, 3"x 3" Nal
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=i P”mary continuum Absorber: 1.18 g/Cm Be 1 4 Source distance: 25 cm

—-—--Secondary continuum Source distance: 10 cm 8 14 -

----- Bremsstrahlung o 5

C.; o
g % o Experiment (Shi et al., 2002)
0 [ Full spectrum
b= @ 64 § ) .
= 3) 20 - = - Primary continuum
o (9] % g 7T Secondary continuum
c g 1 e Bremsstrahlung
2 S 44 1
= S) 1 3
2 © 1%
2
10 L) L) T L) I T L) T L) I T L) T T I T T T I 1 L) L) T I T T T L} I L} 0 - 4 ¥ = = Fx 0N
0 500 1000 1500 2000 2500 3000 0 1 2 3 4 5 6 7 8
Gamma-Ray Energy, keV Gamma-Ray Energy, MeV

The experimental and simulated spectra The experimental and simulated spectra
for 22Na and a Nal 3" x 3’ detector. for 15N and a Nal 3" x 3" detector.
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1. Modeling of a contribution from naturally occurring
radionuclides (natural gamma radiation background)

Additional interface features:

Additional measurement setup properties:

Absorbing filter layers:

I:l Input window:
|:| Crystal packaging:
I:l Inactive layer / Reflector:

ADC and energy resolution parameters:

MNumber of spectrum channels

Channelto-energy conversion factor, keV/channel

Energy resolution (FWHM) at 122 keV, keV
Energy resolution (FWHM) at 1332 keV, keV

Ay peak and continuum intensities, cps:
Count rate in 185.7 keV peak of U-235
Count rate in 238.6 keV peak of Pb-212 (Th-232)
Count rate in annihilation 511.0 keV peak

Count rate in 609.3 keV peak of Bi-214 (U-238)

Count rate in 661.6 keV peak of Cs-137
Count rate in 1332.5 keV peak of Co-60
Count rate in 1460.8 keV peak of K-40

Continuum count rate (0 - 3 MeV)

teazurement setup Calculation results Options

Gamma Spectrum Generator Settings:
[] Display detector efficiency curves

[] Consider decay transfarmations during cooling and counting time intervals
[] Consider effects of backscatter radiation
[] Consider bremsstrahlung phaton creation

Simulate natural gamma-ray background

I

A respective option has to be
selected on ,Options® tab to
enable the background
simulation
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Example: low-activity / low-background measurements

Inclusion of the background gammas results in a more realistic spectrum
shape and MDA values, especially in low-activity measurements

Gamma-Spectrum Simulated for HP Ge (rel. eff. 142.6%)
[ 55 Ba 1537m Al other nuclides |

Number of counts
=

0 S00 1000 1500 2000
Gamma-ray energy, keV/

e Aspectrum simulated for a 10 Bqg 13’Cs source at the 10 mm distance from a
150% HPGe detector with natural background contribution included
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2. Bremsstrahlung modeling option is available for beta-
emitting nuclides:

Measuremeri tsetp | Coloulationresulis | Optors | Gamma-Spectrum Simulated for HP Ge (rel. eff. 52.0%)
[mmm Scattering cortribution e Cortinuum — FPeaks ]
Gamma Spectrum Generator Settings: 105 - - - -
[] Display detector efficiency curves
[] Censider decay transformations during coeling and counting time intervals 105

[] Censider effects of backscatter radiation
Consider bremsstrahlung photon creation
Bremsstrahlung spectrum normalisation factor

[] Simulate natural gamma-ray background

Number of counts
=]

A respective option must

. « 10
be selected on ,Options
tab to enable the 1DD 0 a00 1000 1500 2000
bremsstrahlung simulation. Gamma.ray energy, keV

* A gamma-spectrum simulated for the 10 MBq °°Sr-
Y source and a 50% HPGe coaxial detector
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3. Physical photon spectrum visualization

Measuremnent setup Caleulation results Oplionz

Data displayed:  Physical spectrum at start v View/Save results in Text or Excel format

4.46% Uranium source and
natural background photons

Physical Gamma-Ray Spectrum

[mmmm 55Cs137(D) WEEE S6Em137m (D) WSS Bk (D) —— Bkar (C)

20 8

i

Measurement setup Calculation results Optians

a3
|

Data displayed: | Physical spectrum at start v View/Save results in Text or Excel format

Physical Gamma-Ray Spectrum

W o2 U236 (D) BN 00 Th234(D)  EEEE O1 Pa 234m (D) EEEE 91 Pa 234 (D) Q2023 (D)
90 Th 231 (D) 92U234(D)  memm 91Fa231(D)  mEEW 56 Rn219(D) &2 P 211 (D)

mm EEEI211(D)  EEEW S2PH212(D) WM S3EI212(D)  EEEE 35 Ra224(D) &1 Tl 208 (D)
&1 T 208 (C) Bhear (D) —— Bhgr (C)

Discrete energy photons, 1/sec
=
1

i] -||..J.|.. .I.I;.Jl . |;

t u t T y T T T T T T T T
d 500 1000 1500 2000
Photon energy, keV

137Cs source and natural
background photons

Discrete energy photons, 1/sec
am
1
T
}
EM
Continuum photons, 1/(sec keV)

0 500 1000 1500 2000 2500 3000
Photon energy, keV




NuTRoNS 2, November 2011, Monaco

IAEA

<Nr.»

4. Modeling spectra from voluminous and heavily shielded sources using
a coupled eMC (easy Monte Carlo) — GSG-PRO simulation approach:

easyMonteCarlo
63 Europium

ssssssssss

Actual chart: Karlsruhe
Element Mass Mixture selectar
Activity (Bq) ¥ | [1E+10

Dosimetry & Shielding with Neutrons & Gammas

Shield Detector

[ Resume H Pass spectrum to GSG ]

Geomely | Source Optiong Results

Shield |<—> Dimension

el

= ,__‘_-—-—""-_"_'

Source to shield |40 ‘

Source to Detector |100

Unshielded ¢°Co:;

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)

[mmScattering contribution s Cartinuum m— Pesks |

1200 1400

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)
B Goaftering corfribution EEEEE Cortinuum . Peaks |

1} 200 400 600 800 1000
Gamma-ray energy, ke

@ ®0Co behind 12 cm Al shield:

1200 1400
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Coupled eMC / GSG-PRO calculations for voluminous & shielded

Volume-to-Point
source conversion

sources.

Multi-layered shield

Volume structured
source

-
-
-
-
-
-
-

EMC

)
|
bd "-__\

Photon flux
Source f o [cm~2s7!]
strength ¢
Alsl
R .| csc
Equivalent
point :
source i |
.............. '.‘W—-—_i

Source strength Attenuation correction
-17_ 2 A
[[s']=47 R~ ® A :T

Structured
detector

UOISISAUOD 1010913

Pa1N1oNJ1S-031-1Ulod
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CBNM-446
Uranium: ;
{ Ultrasonic
Separation date: 1979 \ ' %'%/“‘"
U;0g, 200 g, 3.3 g/cm?3 L B
Capsule: @8 x 9 cm /Ql'gg‘m'“"‘
Sample: @7 x1.58cm %
Al window: 0.2 cm PR
-\‘/Cﬂn
232|) — 4.1 ppt 1
234U — 0.0359 wt % N —_TU3OB powder

235 — 4.4623 Wt % J
Y -

236 — 0.0068 Wt %

238 — 95.495 Wt %

Nuclide Activity Nuclide Activity
24 14.1 MBq 219Rn 128 Bq
238 2.02 MBq 21pp 128 Bq
234m 211n;
Experimental room: L x W x H=3.3 x 3.8 x 3.5 ms. - Pa 2.02 MBq 212BI 128 Bq
Shields (20 x 20 cm?): Pb (2 cm) and Al (3 cm, 12 cm). 234Pa 3.03kBq mPp 438 Bq
Detector: 10% Ortec Detective, HPGe @50 x 30 mm. 235Th 2.02 MBq e Bi 438 Bq
Shield to detector: 10 cm. N U 607 kBq 208Fia 438 Bq
Source to shield: 0 cm. 231Th 607 kBq Tl 157 Bq
Unshielded source: at 10 cm distance. Pa 372 kBq Total 21.4 MBq




’ltl/t GSG-PRO: Example of experimental validation {\j&%}

Institute for

e I1AEA
NuTRoNS 2, November 2011, Monaco <Nr.»

Unshielded CBNM-446

Without bremsstrahlung With bremsstrahlung
234m Pa
1024 Ep=2.2MeV (98.4%) 102
Source: CBNM Uranium4.48% Source: CBNM Uranium 4.46%
Shield: None . Shield: None
10° Source distance: 10 cm 10° Source distance: 10 cm
_ EMC code used: MCNP4c _ EMC code used: MCNP-CP
3 10° 3 10°
s " v =
= M 2
@& 107 . @ 10°
qC) \.\C e qc)
° R °
> % >
i sy = 10°
® \ ®
8 - 8
a 107 o Experiment | a 107 o Experiment
Full spectrum ‘\.\ o b O Full spectrum
e — — Compton continuum ey % — = Compton continuum \.
1 — - — Scattered continuum i °od% © L8R 1 — - — Scattered continuum
‘% o086 8% %
10-9 \. @ -9 -
I T T T T I T T T T l T T T T ] T T T T I T T T T I T 1 10 I T T T T T I T T T T T I T T T T T I T T T T T I T T T
0,0 0,5 1,0 1,5 2,0 2,5 0,0 0,5 1,0 1,5 2,0 2.5

Gamma-ray energy, MeV Gamma-ray energy, MeV
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CBNM-446 shielded with 12 cm Al

Without bremsstrahlunqg

234m Pa

Es= 2.2 MeV (98.4%)

Shield: 12 cm Al

Source: CBNM Uranium 4.46%

Gamma-ray energy, MeV

With bremsstrahlunqg

Source: CBNM Uranium 4.46%
Shield: 12 cm Al
Source to shield: 0 cm

10° Source to shield: 0 cm 10° o
_ Detector to shield: 10 cm _ ] U B Sh'el_d' ks
B EMC code used: MCNP4c > EMC cod8 280- MONP-CP
2 10° 2 10°-
‘D o \
c c \
o 7. ) =
5 1 . T 107 3 5
2
5 5
8 -8 g 8
o 10 o 1073 . ¥
o o Experiment ‘N o o Experiment \
Full spectrum N % Full spectrum %
10° - = Compton continuum 10'9—E - = Compton continuum X o0
— - — Scattered continuum X ?o — - — Scattered continuum e
® P& S S
0 %. o o
10 I T L} T T I T T L} L) I L} T T T ' T T T T I L} L} L} T I T T 10 T y & T l T T T T I T T T ; I l T T T T ] T T T T I
0,0 0,5 1,0 1,5 2,0 2,5 0,0 0,5 1,0 1.5 2,0 25

Gamma-ray energy, MeV
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TACIS: “Supply contract for the mobile laboratory and a transportable
analytical instruments and equipment to be used for performing specific
on-site actions needed in response to illicit trafficking incidents”

~ Technical specifications for |
,Gamma radiation search and dose rate measurement instrument”

Detection sensitivity:

> 10000 cps/(uSv/h) for 241Am
> 1500 cps/(uSv/h) for 137Cs
> 1000 cps/(uSv/h) for #Co
>2500 cps/(uSv/h) for natural
radiation background

Request from a tenderer:

“We would like to review the requirement for performance. We believe
that there is a mistake in the number marked in red. The highest
sensitivity should be for 0Co and lowest for 241Am”.
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Step 1: Using Nucleonica’'s Mass Activity Calculator, evaluate nuclide
activities that produce the dose rate of 1 uSv/h at 1 m distance:

nucleonlca.'.'

... web driven nuclear science

nucleonlca.'.'

ple application example &

~——

IAEA

<Nr.»

... web driven nuclear science

Applications. Data Knowledge Wy Preferences Print &% Help + New Browser
2 4.20 16:33:54
Am241
4.3E2 HTH
: Mass Activity Calculator
95 Americium
Current Chart: Karlsruhe
Element Mass
Am v 241 ot Midure selsctor
s
Quantity Unit
1 pSv/h gamma dose rate
Mass (q) 188783
Aclivity (Ba) 2392e+8 | | 240 M B q
Activity (Ci) 6.466e-3
Number of atoms 4714e+18
Mole of atoms 7.828e-6
Gamma dose rate (uSuih) 1.000 at 100 cm distance (vacuum), Threshold energy (y &
Committed Effective Dose Equivalent, Krays) =15 keV
E(50)inhalation (uSv) 2297e+10
Committed Effective Dose Equivalent,
E(50)ingestion (uSV) A78geT
Isotopic Power a (Watt) 2127e-4
Isotopic Power a+f (Watt) 2.142e-4
Isotopic Power a+B+y (Watt) 2.153e-4

@ Help 7 New Browser

Misure selector

Convert

] 3 MBq

at 100 cmdistance (vacuum), Threshold eneray (y &
Krays)=15keV

Applications Data Knowledge My Preferences Print
Cok0
Mass Activity Calculator
1047 m| 527y
27 Cobalt
Current Chart: Karlsruhe
Element Mazs
-
Co M 60 ........................ s
Quantity Unit
1 pSvih gamma dose rate v
Mass (g) 7.087e-8
Activity (Bag) 2.967e+6
Activity (Ci) 8.020e-5
Number of atoms T121e+14
Male of atoms 1.182e-9
Gamma dose rate (u3vih) 1.000
Committed Effective Dose Equivalent,
E(50)inhalation (uSv) SR
Committed Effective Dose Equivalent,
E(50)ingestion (uSv) 1.00%e+4
Isotopic Power a (Watt) 0
Isotopic Power a+f (Watt) 45095e-8
Isotopic Power a+B+y (Watt) 1.235e-6
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Step 2: Using GSG, evaluate the count rates for the 240 MBq 24*Am and 3 MBq
50Co sources at 1 m distance. Assume a scintillation detector with a 3” x 3” Nal
crystal.

Measurement setup | Calculation results Options
o - Data displayed: Countrate at start - ViewiSave results in Text format or as |AEA-SPE spectrum.
nucleonica ... web driven nuclear science
Applications ~ Data  Knowledge  MyPreferences  Print & Help 7 New Browser G Spectrum Simulated for Nal (7.62 x 7.62 cm)
2000 - .
Am241 Re b
43E2 y
Gamma Spectrum Generator S
95 Americium ean be post —
Actual chart: Karlsruhe n
g
Element: Mass: &; T
0 = 1000 +
Am ~ 241 - ﬁ Nuclide Wixtures Selector =
Quantity: Reference point: 5
Bequerel ~  2400e+8 Measurement start
500+
Measurement setup Calculation results Options 5 a a a a a g a 5
Measurementtime: sec ~ 1000 Start Start in background 0 . t . t I t - . . } . . t I t , t . }
0 500 1000 1500 2000
Current configuration: <_Edit > A Save as Del Channel number
Dimensions in  cm T Update spectrum graph
Filter )
Display: [|Energy scale  [7] Spectrum continuum  [7] Contribution of scattered photans [7*More graph options
Nal -
Source
Crystal 762
- 8 ‘ No. Nuclide Count rate at start, cps Count rate at end. cps Spectrum counts Display
S 1 9% Am2H 3TIE+04 3TIE+04 3TIEHT (&l
“'j Total 3.T3E+04 3.T3E+04 3.T3E+07
100 762 p (u )
Source to Detector distance Crystal length O Show rmore settings Req u I red 2 10000 CpS/(“SV/h)
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Meazurement setup | Caleulation results (Options

I‘IUC|EOHICEI~.. ... web driven nuclear science

Applications Data Knowledge My Preferences Print 3 Help -7 New Browser

Data displayed: Countrate at start - View/Save resutts in Text format or as IAEA-SPE spectrum,
Cog0 f
Gamma-Spectrum Simulated for Nal (7.62 x 7.62 cm)
Gamma Spectrum Generator
1047 m| B.27 ¥ . Full spectrum
27 Cobalt 4 g g g
Actual chart: Karlsruhe
Element: Mass:
Co = 60 - -.C: Nuclide Mictures Selector
@
Quantity: Reference point: &
Bequerel - 3000e+6 Measurement start ,‘g
R =
Measurament setup | Calculation results Optiore g
L)
Measurementtime: sec + 1000 Start Start in background
Current configuration: <. Edit..> - S

Dimensions in - €m M

T f t t t T
0 500 1000 1500 2000

MNal = Channel number

Source Crystal

. Update spectrum graph |

Display: [ Energy scale | Spectrum continuum [T Contribution of scattered photons [CImore graph options
No. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display
1 27 Co 60 1.R3E+03 1.53E+03 1.53E+06 [

100 762

Total 1.53E+03 1.53E+03 1.53E+06

Source to Detector distance Crystal length =

%0Co: 1530 cps/(uSv/h)
Required > 1000 cps/(uSv/h)






